Results
Degradation of organelle nuclei in the male reproductive cells of Zea mays and Triticale: In the microspore of Z. mays, the organelle nuclei stained with DAN were visualized as bright dots which distributed randomly in the cytoplasm that contained a large central vacuole (Figs. lal, a2 ). After the asymmetric division (microspore mitosis), a large vegetative cell and a small generative cell with a small amount of cytoplasm formed in the young pollen grain. The generative cell appeared that attached the intine initially (Fig. 1b2) . The organelle nuclei were visualized distinctly in the cytoplasm of the generative cell (Fig. 1b1) . Along with the development of pollen grain, the generative cell separated from the intine (Fig. 1c2 ) and developed into a vessel-shaped cell (Fig. 1d2) . The organelle nuclei in the generative cell seemed to be diminished in quantity when the cell separated from the intine (Fig. 1c1 ) and degraded rapidly as the cell became vessel-shaped (Fig. 1d1) . Survey of a large number of sections and squashed samples (picture not shown) showed that the organelle nuclei in the generative cell disappeared in 70% pollen grains at the metaphase of the second mitosis (Figs. 1e1, e2) but a couple of organelle nuclei could be seen in the generative cell of about 30% pollen grains at this stage. When two sperm cells formed, organelle nuclei completely disappeared from the sperm cells (Figs. 1f1, f2) .
For an easy visualization of the generative and sperm cells with a whole-cell scope, the behavior of organelle nuclei in these male reproductive cells during pollen development in Triticale was examined by squashing the pollen grains on the slide glass. The results were similar to those obtained in Z. mays by sectioning. In the bicellular pollen of Triticale, a number of dot-shaped organelle nuclei were visualized in the cytoplasm of generative cell (Figs. 2a1, a2) . When the second mitosis occurred, the number of organelle nuclei in the generative cell reduced (Figs. 2b1, b2) . At the end of the second mitosis, limited organelle nuclei remained in the newly formed sperm cell (Figs. 2c1, c2 ). During maturation of the sperm cell, after that the cell nucleus elongated to form a wedge-shaped sperm nucleus, the organelle nuclei could no longer be observed (Figs. 2d1, d2) .
Organelle nuclei in the male reproductive cells in both Zea mays and Triticale diminished gradually and disappeared completely along with the pollen development and maturation. As it is reported that the organelle structures remain in the cytoplasm of the mature sperm cells, the disappearence of the organelle nuclei would be most likely due to a preferential degradation of male cytoplasmic DNAs during the development of male reproductive cells.
Nucleolytic activities in pollen proteins of Zea mays, Triticale and Triticum aestivum:
Results of nucleolytic activities detection with SDS-PAGE showed that nucleases with high activity were present in pollen proteins in Z. mays, Triticale and T. aestivum (Fig. 3) . In Z. mays, two Mg2+-dependent nucleases (16 kD and 10 kD) and three Mn2+-dependent nucleases (31kD, 16kD and 10kD) were detected in the pollen protein (Figs. 3a, b, lane 2) . Compared to the silk protein (Figs. 3a, b, lane 1) , the 16kD and 10kD nucleases were specifically associated with the pollen protein. In Triticale, a Mn2+-dependent nuclease (32kD) was specifically detectd in the pollen protein (Fig. 3c, lane 2) . In addition, a Mn2+-dependent nuclease (38kD) was specifically present in pistil protein (Fig. 3c, lane 1) . In T. aestivum, two Mn2+-dependent nucleases (21kD and 20kD) were specifically detected in the pollen protein (Fig. 3e, lane 2) and two Ca2+-dependent nucleases (42kD and 30kD) were specifically present in the pistil protein (Fig. 3d, lane 1) . Hagemann and Schroder (1989) explained the mechanism of maternal cytoplasmic inheritance in these cereals by assuming that during the fusion of a sperm cell with the egg cell, the plastids (and mitochondria) are stripped off the sperm nucleus and therefore not tansmitted into the zygote. Unfortunately, to date there are no sufficiant details to support this speculation. In our study, fluorescence microscopy showed an undetectable nature of organelle DNAs including plastid DNA and mitochondria) DNA in the mature sperm cells although the organelles exist.
As it is well-understood that the organelle DNAs are the basic carriers of cytoplasmic genes but the organelle structures are merely the containers, the transmission of organelle confirmed by electron microscopy does not reflect the transmission of cytoplasmic genomes if the organelles do not contain cytoplasmic DNAs. In the species examined in the present study, the organelles in the male reproductive cell may be able to be transimitted into the zygote during the fertilization but the cytoplasmic DNAs may not since it was undetectable in the mature sperm cells. Therefore, the root of the maternal cytoplasmic inheritance of these cereals would be the preferential degradation of organelle DNAs during the maturation of the sperm cells rather than the cytoplasm stripping during the fertilization.
Enzymatic mechanism of maternal cytoplasmic inheritance in angiosperms:
As it is described above, the degradation of cytoplasmic DNAs in male reproductive cells occurs in a large group of angiosperms that displays maternal cytoplasmic inheritance. After detection of the nucleolytic activities in pollen grains (male reproductive organ) and ovaries in a number of angiosperms, Sodmergen et al. (1992) and Nakamura et al. (1992) suggested an enzymatic model in which the degradation of male cytoplasmic DNAs was explained as a result of nucleolytic digestion. Combined with the results of the present study, we can find a positive relationship between the male cytoplasmic DNA degradation during pollen development and the presence of nucleases with high activity in pollen or stamen as shown in Table 1 . In plants displaying maternal inheritance, such as L. longiflorum, M. jalapa, Z. mays, Triticale and T. aestivum, degradation of cytoplasmic DNAs occurs during the development of male reproduc tive cell and the nucleolytic activities were detected in the pollen or stamen proteins. On the other hand, in those displaying biparent inheritance or possessing the potential capability of biparent inheritance, such as P. zonale, R. kaempferi, Z. truncatus, O. speciosa and O. laciniata, degradation of male cytoplasmic DNAs does not occur and the nucleolytic activities were not detected in the pollen or stamen proteins. We believe that this positive relationship between the occurrence of male cytoplasmic DNAs degradation and the presence of pollen nucleases might not be accidental but dissolve the question of enzymatic mechanism of maternal inheritance.
There have been some reports on nucleolytic activities detected by the same nuclease assay involving in degradation of cytoplasmic DNA. In Chlamydomonas reinhardtii, the preferential degradation of male originated chloroplast DNA (cp-DNA) in young zygote results the maternal plastid inheritance (Kuroiwa 1982) . Further, it has been reported that the nuclease C may be responsible for the degradation (Ogawa and Kuroiwa 1985a, b) . Similar degradation of cp-DNA occurs in the coleoptile, the first and second leaves of Oryza sativa before senescence and, the activities of two Zn2+-dependent nucleases (51kD and 13kD) markedly increased in the extracts of chloroplasts at the stages that the degradation of cp-DNA occurs (Sodmergen et al. 1989 (Sodmergen et al. , 1991 . The authors suggest that the Zn2+-dependent nucleases may play an important role in the degradation of cp-DNA during senescence. In the pollen grains of higher plant, we purpose that the pollen nucleases such as those detected in the present report could probably be associated with the degradation of male cytoplasmic DNAs during the pollen development. The reasons are as follows: (1) the nucleases were specifically associated with the pollen proteins with high activities; (2) cytoplasmic DNAs were undetectable but organelles still remained in mature sperm cells of the examined Poaceae species; (3) in the plants displaying maternal inheritance that have been examined to date, coincided with the undetect able nature of cytoplasmic DNAs in the mature male reproductive cells, high nucleolytic activities were detected in the pollen proteins. By contrast, in the plants displaying biparent inheritance or possessing the potential capability of biparent inheritance, cytoplasmic DNAs remained in the mature male reproductive cells without degradation and the nuclolytic activities in pollen or stamen proteins were undetectable. However, in order to certify that these pollen nucleases are the just nucleases participating in the degradation of male cyto plasmic DNAs, in vivo activation and intracellular location of the nucleases should be studied. 
